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1.0 ABSTRACT

Puise and CW cavity oscillators were a'_osuled for the first engineeris
semple. Representative 1ife ests Lave been completed. Operating charaster.

istics of cuvities are surmarized. Modifications in triode design are being

studied.
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2.0 PURPGSE

The objectives of this contract are to optimize performance as Jefined . -
specifications SCL-7001/82 and SCL-7001,/83, to improve manufactaring methods,
t¢ assure more uniformity of product, to minimize the physical size of the cav-
ity, tn estab ish & capability to produce at the rate of 5 units per day easch
of oscillator types EL-PO(X-1) and EL-IO(X-1}, and to prepsre a Step IT Report
covering a production rate of 1,000 units per month.

The triode electron tube is the heart of the end device. I% has 7.0 beexn
established that, to a great extent, tube design intimetely affects opt -'m de-
zign of the cavity. Therefore tube design refinements are expacted to improve
product uniformity while maintaining optimum performance in a cavity of the
suallest practicel size. Datea on tube performance and cavity performance must
be taken and evaluated. A tube test specification must be estaplished which
will more accurately predict operaition Zn a cavity oscillator.

By evaluation under various condit.ors, it is invended to reflect the
benefits of this work in optimized cavity performance, and that such performance
is assured during the expected life of the device. Tnis eveluation includes
tests for effects of shock, fatigue, vibration, load variation, supply voltage
variation, ambient temperature cycling, and life tests.

Test requirements for triode and cavity oscillators, types EL-FO(X-1) and
EL-10(X-1). are Qefined by SCL-T00L/82 and SCL-T001/83, dated 16 October 1962

and 23 October 1962 respectively, as amended.
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3.9 HARRATIVE AND IWTA

The program during this period has consisted of:
1. Preparation of test equipment.

2. Fabrication of triodes and of cavity parts for the first
engineering sample.

3. Assembly an testing CW and pulse cavity oscillators.
L, 1Investigation of design refinements in both triodes.
3.1 TEST EQUIDMENT
The life test equipment for both the CW and pulse cavit s
has been completed. The units coneist of 10 positions for each
type.

Work on the pulse driver adsptor to be used with the wiversal
pulse teset set has been stopped as a universal driver unit is being
corstructed for this set which will be satisfactory for testing tte
EL-FO(X-1) cavities az well as the Y-1252 tubes prior to assembling
in the cavities. This equipment will be completed in time for the
preproduction run.

A tube test cavity for the Y-1252 pulse tube has been evaluated
and found satisfactory for tube testing.

Design work has started on e tube test cavity for the Y-1251 C¥W
tube. This cavity will be used in a universal CW RF power output
test set which is pert of the general iaboratory test 2quirient.

The temperature cycling test chember is being checked out with
u Pive position adaptor panel w«dich was designed and constructed

for both the CW and pulse cavities., It was found feasible to use

-3-




3.2

the existving laboratory chamber. A modulator unit simiier to the
one ussd for the pulse life fest will be modified to permit tem..
Perature tests to be run ca five cavities simmltanecusly. DC power
sivplies are available for the CW cavity tests,

A *est and essembly area has been assigued exclunively to this
contract. This will allow a closely supervised operation and will
help o make most efficient use of the precision measuring equivment
available. More accura - measurement of performance on life c-=
thus i. made than if the frequency measuring equipment were 1 ‘otely
located and transfer instruments had to de used.

CW OSCILLAL.R, EL-LO(X-1)

Eighteen cavities vere asserbled using a 5/8" aiameter body
similar to that used for the pulee cavity. This design permits
standardization of several . the cavity parts for both the W
and pulse cavities.

Tables I, II, IIT, IV and V summerize the performance of these
cavities. The following design objectives are ineluded in the
program for the next sample:

1. Improve the performance at the high frequency end of

tze band.

2. Achieve more uniform output across the band.

3. Reduce the plate current to less than 20 mA maximunm.

%k, Reduce frequency puliirg with load changes.

It is probeble that these design goais can be met by further

adjustzent of cavity inpedances » delection of grid cylinders to

b
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245
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2L9
250
251

253

MBIE I

TYPZ EL-LO(X-1) C-BAND CW TRIOLE
and CAVITY OSCILLATOR

vperating Characteristics -~ First Engineering Sample

600 Mc
875 M

5250 Mc 5600 Mc 6050 Mc

B BE BB
1”5 18.1 98  16.8 11 2.5
75 17.0 69 16.1 5 25.0
12 23.6 18 22.6 F - Max = 5
29 15.3 32 il4.9 F-DMax =5
155 25.2 202 22.2 i 22.3
88 18.3 112 18.0 15 20.2
75 15.6 $2  15.0 8  19.0
175 22.0 13 19.5 16 2bL.3
85 16.1 56  16.0 7 25.0
139 23.6 130 20.0 3 245
b6 22.3 198 19.8 58 21.8
61 1.7 65 14.2 5  21.0
68 15.0 60 1L.5 L 23.7
119 16.8 108 16.2 1 19.8
116 17.8 86 17.0 1 2h.3
36 2h.0 75 21.6 15 25.)
53 17.8 100 1i7.0 7 20.2
125 19.3 71 19.0 3 29.5

Objective Specifications

Power output = 5 M min
Frequency Range = 5250 - 6050 M
Ib = 20 mAdc mex

Ef = 6.3 Vac
b= 150 Vdc
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SN

2uo
24l
2k2
249
251

Operating Characterictics -~ First

TYPE EL-LO(XC1) C~BAND CW TRIODE

TABLE II

ana CAVITY OSCILLATOR

Load Variation
L asnagrion

Engineering Sample

s — e WA T L ITT 7L A

F = 540G Mc F = 5900 Mc
&F ~ Mc/S aPo - AF - ¥/S™ T 2Fo  -db
-1.0  +1.0 40.5 -0.7% -1.6  #3.h 4.2 - 2
~2.0  40.8  s0.4 -0.6 4.2 45,9 4.5 -
-3.2 41.5 +0.4 -0.5 -4.6 46.6 41.8 -0.15
-4.0 +1.h 40.3 -1.2% -6.¢8 +8,2 +1.L ~1,1
-4.8 +1.h +0.4 -1.6 -6.6 18,0 +1.6 -1.3

Chjective Specifications

-E-
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TABLE III

TYPE EL-LO(X~1) C-BAND CW TRIODE
and CAVITY OSCILLATOR

Operating Characteriscics ~ First Engineering Sample

Supply voltzge Variation

F = 5250 Mc F = 5950 Mc
SN aF - X/ abo -ty aF -~ Me/S AP0 ~dd
210 40.13  -1.26 -0.75 41.25 40.75 -2.01  -1.75 41.5
21 -0.16 40.45 -1.2  4l.1 -2.32 42,35 -1.9 3.6
242 -1.52  41.67 -1.6  +1.55 -3.06 #3.3h  -2.h 2.2
2L3 40,68 -1.55 ~1.55 41.2% -0.72 40.56 -2.75 4+ ;
29 -1.38  41.32  ~1.65 41.L5 -3.12  +3.2h  -2.25 £, 3

Objective Specifications

AF = 4 4 Mc/S

aPo= E 3 db
Ef = 6.0 - 6.6 Vac
Ebbk = thZ - 153 vdc

-7-




SN
=

237
L0
2L3
2Lk

Oper

TABIE IV

TYPE EL~LO ({-1) C-BAND CW TRIODE
. ancd CAVITY CSCILLATOR

#Fre

ating Characteristics - First Ennineering Sample
Vibration
Pos. X1 Pos X2 Pos. Y1 ,
~ Mc/S Po - W “aF = Mc/S AT - Mc/S aF -TNe/fs
5950.0 9.5 0.1 0.2 0.4
5950.0 13.0 0.2 0.5 0.4
5950.0 8.1 0.1 0.2 1.¢
5950.0 7.7 0.1 0.2 0.3

# Test run st 5950 Mc Instead of 5900 Mc to make it compatable with fe"igue,

SN

237
210
243
2l

2L5
2L7
2u8
251

Cbjective Specification: .aF = 4 2 Mc/S mex.

Fatigug
Freq - Mc/S  Po - mW AF - Mc/S  APo - %
5950.0 9.5 -0.5 -1 .
595000 13 -o "005 "'23
5950.0 8.1 -1.0 +2
5950.0 7.7 0 -3

Oblective Specification: &F =L Mc/S; aPo = + 30%.

Shock
Freq - Mc/S Pc - mW AF = Mc/S aPo-%

5950.00 L6.0 +3.25 0
5950.00 10.6 -2.00 0
5950.00 8.0 0 0
5950.00 22.0 +1.62 49.1

Cbject.ive Specifications: <F = 4 L Mc/S; aPo = + 30%



TABIE V

TYPE EL-LO(X-1) C-BAND CW TRIODE
and CAVITY OSCILLATOR

Opersting Charascteristics - First Engineering Semple

Life Test
SH Hours Life F - Mc/S Po - mW b - mA AF - Kc/s  4Po - %
236 0 5249 262 19.4 .o ———
94 5251 269 19.9 +2 +2.7
208 5251 269 19.9 42 +2.7
33k 5251 264 19.6 42 +0.8
L29 5251 258 19.5 42 -1.5
501 5250 252 19,2 +1 -3.8
250 0 5240 148 19.4 - —-
al Saul 154 19.7 +1 4.1
208 5241 154 19.7 41 #.1
334 5239 154 19.7 -1 4L.1
429 5241 154 19.6 41 #l.1
501 5239 148 19.4 -1 0
2L6 0 5942 5L 21.8 - -—
sL 59L2 95 22.0 0 41,1
208 s9L2 99 22.0 0 +.3
334 5942 110 21.9 0 +17.0
L29 5942 110 21.7 0 +17.0
501 59u2 107 21.5 0 +13.8
252 0 5937 19 19.5 -- -
9L 5939 20 19.5 +2 45.3
208 5940 21 9.5 +3 +10.5
3L 5940 23 20.0 +3 +21.0
L29 5940 25 20.5 +3 +31.4
501 5938 26 20.5 +1 +36.8

Objective Specifications: aF =+ 8 Mc/S; aPo = + 70%; Po = 1.0 mW nmin.

Ef = 6,3 volts, Ebb = 150 volts, T = 500 Hours.



3.3

provide optimum feedback for specific tubes, and careful adjust-

ment of the output coupling.

Frequency stability over the required ambient temperauture
range has not been fully evaluated due to the equipment limitations.
Preliminery tests indicate that the regquirements called for in
specifications SCL-7001/83 can be met.

The first engineering samples to be furnished during vhe next
period have been tested preparatory to submission. Shock, fatigue
and life tests have been successfully completed. This infon +ion
is included in Tebles IV and V.

CW TRIODE, Y-1251

Tubes were fabricated with a slightly larger external anode
diemeter to pe-mit the use of standard tooling during machining
of cavity parts. Orders for screw machine anodes will not be
placed until dimensional requiremente of the cavity have been
established.

Tubes were fabricated with the larger anode diameter for an
internal evalustion of the cavity design and for the second en-
gineering sample. fT.sting and evaluation has been started.

Tube design improvements, which were revorted in the TiB86 PFEM
Contract No. DA 36-039-5C-86738, have been successfully applied to
the Y-1251. The nev cathode spray masks were used during cathode
coating to prevent loose particler of coating material. Hecters
were used vhich had the surface ¢f &the heater coating durkened

with tungsten. Tesis on these tubes are gtili in prcgress.

-10-




3. PULSE OSCILIATOR, EL-P0(X-1)

Tables VI, VII, VIII, IX and X show the operating character-
istics achieved with eighteen first engineering sample cavities.
The areas where additionsl engineering effort is required are:

1. Develop techniguez for pre-selecting grid resistors

before assembly.

2. Improve the performance at the high frequency erd of

the band.

3. Reduce the frequency pulling with liosd variation.

Some pregress has been made in esteblishing a correlation te-
tween the grid resistor required for 600 mA peak plate current in
the tube test cavity and the value of grid resistor required in
the type EL-PO(X-1) cavity for the same current. As more data
from additional tubes and cavities are accumulsted, this factor
should resolve itself.

The power output response across the band and the frequency
pulling can be optimized by careful adjustment of the output
coupling and, where necessary, selection of grid cylinder lengths
te match tube characteristics.

As in the CW cavities, tempersture testing has sot been com-
pleted due to equipment limitetions, but preliminary date indi-
cates that the requirements in SCL-7001/82 can be met,

The first engineering samples (o be furnished during the next
period have been tested preperato'y to submission. Shock, fatigue

and life tests have been successfully coxpleted. This information

~11-
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100
101
102
103
10U
105
106
107
108
109
110
111
112
113
114
115
116
117

TABLE VI

TYPE [.--PO(X-1) C~BAND PULSED TRIODE
.end CAVIYY OSCILLATOR

Operating Characteristics - First Engineering Sample

Peak ower Oucput - Watts
Frequency - Mc/S

5350 100 5650 5900 5950

72 80 70 55 L3
180 190 125 88 77
61 62 55 36 32
58 62 o L2 37
137 137 127 86 i
100 105 67 36 30
€0 45 55 32 28
72 82 67 35 30
28 35 50 33 29
137 111 69 L2 3
155 150 110 77 72
125 122 80 58 L8
128 1ho 127 85 72
202 200 1o 81 65
u? L8 50 ) b1
55 57 58 38 26
78 15 60 L7 38
100 98 62 38 32

b ject lve Specifications

Peak Power = 30 watts min.

Freq. Range = 5350 - 5950 Mc

Peak Current = 600 mA max,

Bf = 6.3Vac

eb = 1000 V pk.
pri= LOOO pps
tp = 0.5 usec,

«l2a

Peak Plate Current - mA

Frequency - Mc/S

5350 5L00C 5650 5900 5950
560 560 530 500 L%O
€u0 630 600 570 570
430 U430 L20 390 380
LS50 LSO L6O  L20 )10
600 600 600 550 5LO
800 800 &40 580 570
590 590 510 LLO  LLO
6LC 650 610 510 L90
700 680 700 650 650
900 B850 700 630 630
660 630 560 Lo L%O
650 630 550 500 U490
700 700 660 590 580
750 720 640 570 550
6Lo 6o 630 590 59%0
450 Lko Lko L20o LloO
630 610 560 510 500
640 620 550 L6O L50
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TABIE VII

TYPE EL~PO(X-1) C-BAND PULSED TRIODE

Load Variation

. and CAVITY OSCILLATOR

Operating Characteristics - First Engineering Samgle
F « 5400 Mc

VINO MO ~NO 0 -m
................. .
OO0~ —"O0O~~000000~00O0 o
L L N R I T I T A e B I | U.
wn w o
NSV~ T NN N O ™M ln.w
llllllllll - - . - L]
—t - oY =
PLPLLTIIVVRILLINIL  H o
& ve®
[72) X T+
205956h987756606.ﬂ9 » - oA
oy 561.1»127;?_?3.5.}322 > -
++5+++++++Ao¢00000 ey L3R o]
[ [ 3 I ]
61592259666805&758 .W.J FWM
Laa X3\ hh3h22522223221 ]
...ﬂ........-.--.- mAV

838833885888 330308
Ll B B e B B e B B R B B B B ot B B B |

eb = 1000 V pk.
pri= LOOO pps
tp = 0.5 usec.

Ef =~ 6.3 Vac
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101
111
116
17

TABIE VIII

TYPE EL-PO(X-1) C-BAND PULSED TRIODE
and CAVITY OSCILLATOR

Ope. iting Characteristics - First Engineering Sample

Supply Voltage Variation

F = 5400 Mc
a F Nc/5 Apo =db-

"0015 0009 '3-1 "109 )

<40 44,0 =2.5 40.7
3.3 4L.38 -1.35 40.2
-2.55 +3.09 =1.3 +0.L5
-4.68 45,0 ~2.4 +4G.5

CbJect ive Specifications

aF = 2+ 8 %/s
Apo-:} db

Ef = 6.0 - 6.6 Vac
eb = 950 - 1050 V pk.
pr{= LOOO pps

tp = 0.5 usec.

F = 5300 Mc
AF ) TS apo ~-db

-0.26 40,67 =3.05 42.7
-5.6  44.0 -1.55 40.6
-1.67 +41.93 1,65 +0.L5
-1.16 40.79 -1.7 +40.75
-1.73 40.85 =2.56 41,2

k-
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100
104
105
106

SN

107
106
i
115

TABIE IX

TYPE EL-PO(X=1) C~-BAND PULSE TRIODE
. and CAVITY OSCILLATCR

Operating Characteristics - First Englineering Sample

Vibration
Pos. XI Pos. X2 Pcs. Y.
Freq - Mc/S  po - Watts aF<-Wc/s aF-%/s aF =K s
5900 L2 <o0.1 <0.1 <0.1
5900 85 < 0.1 0.2 0.1
590 30 < 0.1 {0.1 <o.:
5900 33 0.3 0.4 0.3
Objective Specification: AF = 4 3.0 Mc/S Max.
Fatlgue
Freq - Mc/5  po - Watts AF - Mc/S  apo - %
5900 L2
5500 85 NOTE
5900 30
5900 33

No detectable change in frequency or power output was seen.

Gbjective Specifications: aF = + 8 Mc/S; apo = + 20%.

Shock

Freq - Mc/S  po - Watts AF = /S apo - %

5900.00 L6 -1.50 +15.2
5900.00 3 ’1079 "707
5900-00 hb '20&3 "’18.2
59000 00 80 -0- 13 -603

Objective Specification: AF = # 8 Mc/S; apo = + 20%

=15
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TABLE X

TYPE FL~PO(X-1) C- BAND PULSE TRIODE
. and CAVITY OSCILLATOR

Operating Characteristics - First Engineering Sasple

SN Hours Life  F-Mc/S  po-Watts ip-mA  AF-Mc/S apo-¥
102 0 5391 91 Lo - -

25 5393 67 Loo 42 ~26
50 5392 77 Loo +1 =15
75 5388 63 360 -3 =31
100 5387 57 360 -l =37
103 0 5396 91 Lso -- -
25 5395 79 k2o -1 -13
50 5396 98 L6o 0 + 8
75 5390 86 uLo -6 -5
100 5389 84 Lk0 -7 -8
112 0 5894 99 600 - -
25 5899 91 590 45 -8
50 5898 101 600 # » 2
15 5492 71 560 2 -8
100 5895 90 560 sl -9
113 0 5500 104 620 - -
25 5500 04 620 0 0
50 5900 112 L0 0 8
75 589, 97 600 -6 -7
100 5850 83 590 -6 ~20
Objective Specifications
AF = 4 8.0 Mc/S Max Ef = 0.3 volts
ADO* *+ 50% Max eb = 1000 volts, tp = 1.040.5 usec
po = 20 Watts Min Prf= 2000 pps, approx.
T = 100 Hours F = 5900 and SLOO Mc

=16~



3.5

is included in Tables IX and X.
Y-1252 CERAMIC TRIODE FOR PULSE OSCILLATOR

Tube design improvements already discussed (3.3 - page 10)
wver? also applied in the ceramic triode for pulse operation. A
spray mask similar to that used for the .100” diameter cathode
of the Y-1251 has been used during the coating operation on the
.120”" diameter cathodes of the Y-1252.

Testing and evaluation of tubes fabricated for the racond
engineering sample is now complete. Initial assembly of thes
tube-cavity oscillators will be done during the next period.

Aging and stabilizing schedules are being studied to establish
tube processing vhich vill eliminate or reduce oscillator re-adjust-
ment due to changing tube parameters during early life. The present
technique is to allow for & run-in period in the oscillator, follov-
ed by re-adjustment or substitution of the grid resistor.

-17-



4.0 cowmcLUBIONS

The first engineering sample is beivg prepared for submission. Bhock,
faotigus, and life tests have been successfully complsted. Effor! will be mads
to ixpove pexrformance at the high frequency end of the band and to ~educe
frequency pulling vith load variation. Satisfactory inclusicn of darkened
heaters and the use of improved spray masks has been done for ceramic triodes
for both CW and pulse operation.

-18.



5.0 PROCI.M FOR THE NEXT INTERVAL

Work will qontinnn tovard optimiring cevity dimensions and estadblishi .«
assembly techriques. Date will be ccoummlated to permit pre-selection of
grid resisto:'s and cylinder lengths to match individual tube characteristics.
The temperature test chamber and sssociated equipment vwill be completed and
tests will be run on cavities from the first engineering sample. Life iest-
ing of the CW cavities from the first engineering sample vul continue to
failure or until the positions are required for current production units,

Aging and stabilizing schedules will be established for both Y-125 and
Y~-1252, Life tests for evaluating effects on tube characteristics and oscil-
lator performance will be started.

-19-
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6.0 PUBLTATIORS, REPORTS AND COFERENCES

6.1 PUBLICATIONS - Noue

6.2 REPORTS - Pirst Quarterly Progress Report
29 April 1963 through 30 August 1963

€.3 CONrERENCES
1. Organizations and personnel present:

USAEMA
L. Coblentz

General Electric Co.
J. D. Campbell
L. F. Jeffrey
J. D. Marshall
H. L. Thorson

Place and Date:
General Electric Co.
Ovensboro, Kentucky

15 October 1963
dubject:
Revievw of progress to date and t5 discuss future
schedule,
2. Organizations and personnel present:

TRAK Microwave Corp.
3. F. Gregory

General Electric Co.
L. F. Jeffrey

Place and Date:
TRAK Microwvave Corp.
Teampa, Florida

October 7 and 8, 1963
Subject: ,
"To discuss cavity parts “eing supplied to G.E. under

sub-contract and to witness inspection and testing of
these parts.
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OENERAL, ELECTRIC COMPANY
ZLECTRONIC COMPONENTS DIVISION
TUEE DEPARTMENT
OWENSBORO, * KENT': XY

Subject: SBecond (2nd) Quarterly Report

Order No. 21049-PP-63-81-81

Contract No. DA-~36-039-AMC-014T4(B)
U. 8. Army Electronic Materiel Agency

Fhiledelphia 3, Pennsylvania

Advisory Group on Electronic Devices
346 Broadway, 8th Floor

ATTN: Chairman, Low Power Devices
New York 13, New Yorx 10013

Defense Documentation Center (TISTA-1)
Cameron Station
Alexandria, Virginls

Commanding Officer

U. 8. Army Eleztronics Researc.s & Development laboratory

ATTN: SELRA/SL-PRM, Mr. Sheppard
Fort Monmouth, New Jersey 07703

Commanding General

U. S. Army Electrnoics Command
ATTN: AMSEL-PP (PD-5b)

Fort Monmouth, New Jersey OT703

Commnding Officer

U. 8. Army Electronizss Materiel Svrport Agency
“ATTN: SELMS-PFE, Mr. E. Anderson

Fort Monmouth, Rev Jersey OT703

Canadian Liaison Officer
Army Materiel Command
Tempe 7, Room 1067
Washington, D. C. 20315

Bell Telephone laboratories
Murray Hill, New Jersey
ATTN: Librarian

Commanding General

U. 8. Army Electronics Materiel Agency
225 South 18th Street

ATTN; SELMA-RZb, Mr. L. Coblentz
Philadelphia, Pa. 19103

Rumber of Jopies

10

Balance of Copics
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